Abstract: This paper presents a prediction of thermal behavior of bioclimatic building by the mean of time lag. Firstly, we provided locally made materials with commonly known thermal properties. Afterwards, we conducted a simulation of a building free of internal charges on the TRNSYS 16 (Transient system simulation) platform. This simulation has focused on the collection of thermograms concerning the inside and outside surfaces (exposed to solar radiation) temperatures of walls oriented South, East, North and West on the basis of a weather file called Meteonorm. An analysis of the results was conducted which leaded to the conclusion that time lags of East oriented walls is greater than that of the other walls. Furthermore, the simulation confirms that the lower the value of thermal diffusivity is, the greater the corresponding time lag is. Finally, the results of the investigations revealed that the locally designed materials have greater time lag than that of commonly use materials, like concrete. Therefore, they consume less energy as construction materials.
Nomenclature

Introduction
In many countries, buildings consume more energy than transport and industry. According to the IEA (International Energy Agency) statistics [1] one can state that globally, the building sector is responsible for 42 percent of electricity consumption.
The building sector encompasses a diverse set of end use activities, which have different energy use implications. Space heating, space cooling and lighting, which together account for a majority of building energy used in industrialized countries, depend not only on the energy efficiency of temperature control and lighting systems, but also the efficiency of the buildings in which they operate. The importance of energy efficiency in building sector is especially significant in developing countries, owing to rapid new constructions with opportunities to employ efficient materials and best practices.
Given many possibilities to substantially reduce buildings' energy requirements, the potential savings of energy efficiency in the building sector would greatly contribute to a society-wide reduction of energy consumption. Besides, by reducing buildings' energy consumption, a nation can reduce dependency on imported energy and strengthen its strategic position. It is worth to say that moderation of energy-end used in D DAVID PUBLISHING
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buildings will also reduce greenhouse gas emissions and pollution that produced by the combustion of fossil fuels.
One way for the reduction of energy consumption is to provide environmental friendly materials which are suitable to the local challenging climate.
In fact, Toguyeni et al. [2] have studied the influence of local materials used for roof insulation on cooling loads of a typical clay-straw house. After the determination of the thermophysical properties (conductivity, thermal effusivity and density) of these materials by a hot plate method with an analysis of thermograms, in steady and unsteady regimes, the authors through TRNSYS (Transient system simulation) indicated that the clay-straw wall consumes an average of 8% less energy than the standard clay wall on an annual basis. In addition, Coulibaly O. and Toguyeni D. Y. K. [3] studied the influence of eco materials for roof insulation and fiber-reinforced mortar coatings on cooling loads of a home in dry tropical climate. The walls of the house were made of cinderblock or laterite and the insulating material of a roof panel was made with lime (24%), cement (6%), water (50%) of vegetable fibers hibiscus sabdariffa (tree widespread in Burkina Faso) (16%) and sugar cane bagasse (4%). Then, a building was modeled in TRNSYS using climate data from the city of Ouagadougou for the warmer months of the year, namely in March and April. The simulation reveals that the relative differences between heat gains of configurations "breeze block-coating mortar and roof not insulated" and "laterite-fiber-reinforced mortar coating and insulated roof" vary between 15.6% and 16.8%.
In this paper, we focus on heat transfer in materials in order to predict their thermal behavior like their thermal inertia by the mean of time lag.
Procedure and Method
Data Collection
The thermal properties used in this study come directly from designed materials and also from the thesis of Lawane [4] and the literature [5] .
In Table 1 , the term material represents wall made with these materials. Contrary to thermal conductivity, thermal diffusivity which is related to the thermal inertia is a dynamic property. In fact, when solar radiations hit a wall, the wall behaves like a semi infinite environment. At first, the wall stores the heat to its capacity and then releases it on the non heated side. During the storage, the temperature on the heated side is increasing while during the releasing of stored heat the other side temperature is increasing: hence the concept of time lag. Some studies have already been done. For instance, Maréchal and Devisme [6] However, this method assumes that the signal is periodical which in reality is difficult to get. In fact, the temperature is a non steady parameter. Hence this model (Eq. (1)) does not take into account the environmental conditions which are really crucial in thermal behavior study.
A more recent formula of a wall time lag, based on a transient system, is given by Roux J. J. [7] :
where, Ψ (radian): time lag; 
Modeling with TRNSYS 16.00.0036
Description of the Building
The thermal zone for this study, Figs 
Internal Charges
We intend to study a bioclimatic building. For this, the simulated model takes into account no air conditioning, no equipment. Only natural infiltration is accounted, in other terms environmental conditions only. To this end, retained constant infiltration rate value of 0.735 vol/h [5] .
Simulation Results and Discussion
The parameters simulated in TRNSYS are the inside and outside surface temperatures of each wall per hour per day for a whole year. From these results we calculate 
T(x 2 ,t) the mean time lag depending on the orientation and the period of year.
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Figs. 6-9 show the time lag (Δφ) of walls made of materials in Table 1 , for orientations East, South, North, for specific months (Jan., Apr. and Aug.) according to their thermal diffusivity. 
Study of Time Lag in a Bioclimatic House Made of Eco Materials
261
We can see that the time lag is relatively low. Actually, in Buildings the comfort temperature depends on many factors such as the envelop radiations which are related to the thermal inertia of the envelop. Indeed, thermal equilibrium involves the participation of radiations from all four walls including the roof [8] . This resulting phenomenon therefore influences the inside temperature of the walls. As a result, for instance a wall facing West side, that receives little solar radiation, sees its inside temperature climbs faster: it is called thermal amplitude mitigation.
Moreover, Figs. 6-9 show that the time lags (Δφ) for walls East oriented are in general greater. In fact, the measures of solar radiations that strike walls have revealed that depending on the wall orientation and the moment of the day, the quantity of received solar radiations is different [5] . It is specified that East oriented walls, exposed to solar radiation up to a maximum of 5 h, sees the solar insolation decreasing due to the path of sun. At the same time South and West oriented walls undergo an increase of solar insolation. That means that outside temperature of East oriented wall reaches his maximum earlier than the other walls. Therefore, in addition to the amplitude mitigation on walls interior temperatures, Δφ for walls East oriented are the greatest.
We can also note that material 2 has greater Δφ than materials 5 and 10 all the time. Indeed, in physics, it is understandable that the time lag schedule in a homogeneous wall is strongly dependent on the thermal diffusivity which is the speed with which a heat flux under dynamic conditions is transmitted on opposite sides. This obviously implies that the higher the speed is, the lower the time lag is, so the heat takes more time to spread. The Eqs. (1) and (2) confirm this relationship. In Table 1 , one can notice that from material 1 to 11, the thermal diffusivities are increasing steadily.
Therefore, that fact shows that material 2 has better thermal inertia than material 5 and 10 which induce that building modeled with material X lead to lower thermal charges so to less energy consumption.
Conclusion
The results of this investigation show the trends of a bioclimatic building thermal inertia. Indeed, the simulation of walls outside and inside temperatures indicates the magnitude of their time lags. Hence, we came to the conclusion that the lower the thermal diffusivity of walls made of local materials and concrete is, the larger their time lag is. Moreover, their time lag permits to conclude that the local materials and the two materials identified in the literature can largely reduce the energy consumption in Buildings.
